saline), were combined at room temperature for 1 h. Precipitated protein was removed by centrifugation in a Sorvall SS-34 rotor at 10000 rev/min for 10 min at 4 °C and the supernatant was titrated against serial dilutions of both OB protein and virus.
The OB protein used in the cross-adsorption experiments was purified from alkalisolubilized AcMNPV or HzSNPV occlusion bodies (Summers & Smith, 1978) , by electrophoresis on 15 cm, 11% polyacrylamide slab gels (Laemmli, 1970; Studier, 1973) . Electrophoresis was conducted at 10 W for 4 h at room temperature. After electrophoresis, the OB protein band was identified in the gel, excised and immersed in 5 ml 0.01 M-tris-HC1 pH 8.3 for 12 h at 4 °C. The acrylamide was pelleted by centrifugation in a Sorvall SS-34 rotor, at 10000 rev/min for 10 min at 4 °C. The supernatant was transferred to a clean tube, and the OB protein concentration was determined by Bradford (1976) assay. When virus immunoglobulin was cross-adsorbed with occlusion body protein at OB protein concentrations above 1 mg/ml, no significant increase in the specificity of the virus immunoglobulin was detected. Therefore, virus immunoglobulin cross-adsorbed with an equal concentration of OB protein was used in all experiments.
Cells of the cabbage looper Trichoplusia ni (Tn-368) and the codling moth Laspeyresia pomonella (Cp-169) were grown at 38 °C in BML-TC/10 medium (Gardiner & Stockdale, 1975) . Viper spleen cells (ATCC CCL-129) VSW, isolated from Vipera russelli, were obtained from the American Type Culture Collection, Rockville, Md., U.S.A., and were passaged at 28 °C in basal medium (Eagle) containing 10% foetal bovine serum.
Virus-infected cells were obtained by filling each well of a Falcon number 3008 multiwell tissue culture plate with 1 ml medium containing either 5 x l0 s TN-368 cells, Cp-169 cells or viper-VSW cells. First passage A. californica non-occluded nuclear polyhedrosis virus (AcMNPV-NOV) produced in Tn-368 cells was added to each well at a multiplicity of infection (m.o.i.) of 10. The multiwell plates were sealed with tape, balanced and centrifuged in microtitre plate carriers (Cooke Products, Alexandria, Va., U.S.A.) at 2100 rev/min for 60 min in a Sorvall GLC-1 centrifuge. After centrifugation, the medium was removed and the cells were gently washed by the addition of 0.5 ml fresh medium containing 100 gg/ml gentamicin. The plates were centrifuged at 1000 rev/min for 5 min at room temperature. The wash was removed and 0.5 ml fresh medium containing gentamicin (100 gg/ml) was added to each well and the plates were resealed and incubated at 28 o C. At successive time intervals after infection, the ceils were removed from four wells and transferred to polystyrene, conical centrifuge tubes. A haemocytometer cell count was obtained from a 0.1 ml amount taken from the tube and the cells were pelleted by centrifugation at 2000 rev/min for 5 min in a Sorvall GLC-1 centrifuge. The cell pellet was resuspended in 1 ml 0.05 M-carbonatebicarbonate coating buffer pH 9.6, and stored at -20 °C.
To assay virus infection in larvae, 6-day-old T. ni larvae or 9-day-old H. zea larvae starved for 12 h before virus inoculation were infected by buccal cavity inoculation (per os) with 1 x 107 OB/larva. At selected time intervals after virus inoculation, five larvae were immersed in 2 ml phosphate-buffered saline (PBS) (Garvey et al., 1977) containing 0.5 ml/1 Tween-20 (PBS-Tween), and stored at -20 °C.
To assess infection in virus-resistant larvae, third instar Lymantria dispar larvae obtained from Dr Martin Shapiro, USDA, Otis Air Force Base, Otis, Mass., U.S.A. were infected by per os inoculation of 2.5 × 10 7 AcMNPV OB/larva. At successive time intervals after virus inoculation, five larvae were frozen in 6 ml PBS-Tffeen. Nine-day-old larvae of the salt marsh caterpillar, E. acrea were starved for 12 h and fed byper os inoculation of 1.2 x 107 HzSNPV OB/larva. At selected time intervals after inoculation five larvae were frozen in 6 ml PBS-Tween. Prior to ELISA, the larvae were homogenized at 0 °C for 1 min in a teflon-glass homogenizer, and sonicated for 30 s at 0 °C at a rheostat setting of 20 W. Insoluble cell debris was removed by centrifugation at 10000 rev/min for 5 min at 4 °C. The soluble protein concentration in the supernatant was determined by the Bradford (1976) protein assay and all samples were adjusted to identical protein concentrations with PBS-Tween. Frozen infected cell suspensions were thawed and so nicated for 15 s at 0 °C at a rheostat setting of 20 W. Insoluble material was removed by centrifugation in a Sorvall SS-34 rotor at 2000 rev/min for 5 min at 4 °C. The protein concentration in each sample was determined by the Bradford (1976) assay and all samples were adjusted to identical protein concentrations. To detect virus structural protein in the virus-infected cells an indirect ELISA was performed according to the procedure described by Voller et al. (1976 a) . The optimum rate of reaction between AcMNPV and homologous immunoglobulin was obtained at a concentration of 1 #g immunoglobulin protein/ml. A double-antibody sandwich ELISA was used to detect virus protein in the infected larval homogenates (Voller et aL, 1976 b) . Alkaline phosphatase was linked to the baculovirus antiserum with glutaraldehyde according to the procedure of Avrameas (1969) as described by Clark & Adams (1977) . The limit of sensitivity of the ELISA is based on the minimum amount of virus antigen which can be detected. The amount of detectable antigen depends on both the immunoglobulin preparation and the concentration of the conjugate used. To determine the optimum immunoglobulin protein concentration, AcMNPV and HzSNPV immunoglobulins (1 to 20/tg protein/ml) were titrated against homogenates of virus-infected cells or larvae. The optimum concentrations of immunoglobulin and conjugate used in each assay determined by titration, are presented in the legends to Figs. 1 and 2. To determine the amount of viral antigen present in virus-infected cell or larval extracts, virus titration curves were prepared for each ELISA by adding Sepharose column-purified AcMNPV or HzSNPV (100 #g viral protein) to extracts of uninfected cells or larvae. After the ELISA, A405 absorbance values obtained for virus-infected cells or larvae were compared with the virus titration curve to determine the amount of virus antigen present in the infected samples. Both the indirect and doubleantibody sandwich ELISA assays used in this study have approximately the same level of sensitivity. In seven ELISA assays, the minimum amount of AcMNPV protein detected averaged 0.9 ng for the indirect antibody procedure and 2.2 ng for the double-antibody sandwich technique. In five assays, an average of 1 ng HzSNPV protein was detected by the indirect ELISA and 2.5 ng virus protein was detected by the double-antibody sandwich procedure.
Virus protein was first detected by ELISA in AcMNPV-infected Tn-368 ceils between 9 and 12 h p.i. (Fig. 1 a) . Synthesis of AcMNPV protein increased until 22 h p.i. after which time no further increase in virus protein concentration was detected. In comparison with the AcMNPV titration curve, the virus protein concentration at 12 h p.i. was calculated on the basis of cell number to be approx. 0.07 pg/ceU. No distinct morphological changes were observed in Cp-169 cells after inoculation with AcMNPV at an m.o.i, of 10. No evidence of virus or occlusion body formation was detected in virus-inoculated cells by electron microscopy from 1 h to 7 days after virus inoculation. Summers et al. (1978) failed to detect AcMNPV protein in Cp-169 cells using immunoperoxidase. Cells which are restrictive for virus multiplication may produce amounts of virus protein which are below the resolution of the immunoperoxidase technique. From 9 to 22 h p.i. an increase in the concentration of virus protein above that observed in uninoculated cell cultures was detected by ELISA (Fig. 1 b) . In comparison to the virus titration curve, approx. 0.005 pg virus protein was detected per cell 14 h p.i. In long-term infectivity experiments, the concentration of AcMNPV protein detected in Cp-169 cells remained constant from 22 h to 7 days p.i. Based on absorbance, the amount of AcMNPV protein detected by ELISA in Cp-169 cells 22 h p.i. was approx. 10% of the virus protein concentration detected in infected Tn-368 cells at the same time interval.
Virus protein synthesis in viper-VSW cells was determined by ELISA from 2 h to 15 days p.i. AcMNPV-NOV was inoculated at a multiplicity of 10 virus particles/cell and samples were processed for ELISA every 24 h for 15 days after infection. Throughout the experiment no increase in AcMNPV protein concentration was detected above the preimmun¢ globulin control level.
AcMNPV protein was first detected in T. ni larvae 12 h p.i. (Fig. 2a) . In comparison with the AcMNPV titration curves approx. 2 ng virus protein was detected in larval homogenates between 12 h and 14 h p.i. The virus eclipse phase extended from 4 to 10 h p.i. AcMNPV protein synthesis increased steadily from 12 to 32 h p.i. (Fig. 2a) .
When AcMNPV OBs were fed to L. dispar larvae, no significant protein synthesis was detected by ELISA above the preimmune control level from 1 to 9 days p.i. All virus-inoculated larvae pupated and emerged as normal adults.
HzSNPV protein was first detected in virus-infected H. zea larvae between 8 and 16 h p.i. (Fig. 2b) . Virus protein synthesis continued to increase from 12 h to 48 h p.i. In comparison with the virus titration curve, 55 ng HzSNPV structural protein was detected in the cell homogenate 16 h p.i.
When HzSNPV OBs were fedper os (2.0 x 107 OB/larva) to 9-day-old E. acrea larvae, no virus protein was detected above the preimmune control level 7 days p.i. All virus-inoculated larvae pupated and emerged as normal adults.
Large numbers of virus-containing inclusion bodies appear in infected Tn-368 cells at about 20 h p.i. When the virus is occluded it becomes inaccessible to reaction with the virus antibodies. Thus, the observed reduction in the rate of virus protein synthesis may be due to removal of the virus from reaction with antibody by the occlusion process.
Detection of AcMNPV protein synthesis at approximately the same time after virus infection in cell cultures and in larvae is additional confirmation that invertebrate cell cultures are reliable host systems for testing baculovirus multiplication. The inability to detect virus protein in larvae restrictive for virus multiplication may be due in part to the dilution of virus protein with protein from cell types which do not become infected.
Mortality of T. ni larvae occurred 3 days p.i. with AcMNPV. Approx. 6 days were required for death to occur in H. zea larvae infected with HzSNPV at the same OB concentration (1 x 107 OB/larva). 
